Abstract. The present study aimed to evaluate the association between rs11136000 in clusterin (CLU) and late-onset Alzheimer's disease (LOAD) by meta-analysis. Several databases including PubMed, EMbase, CBMdisc and CMCC were searched for relevant case-control studies based on defined selection criteria. Odds ratios (OR) and 95% confidence interval (CI) of the rs11136000 genotype and allele distribution were analyzed with RevMan and Stata software. The control population and heterogeneity between populations were examined in the selected studies using the Hardy-Weinberg equilibrium. Overall OR among the frequencies of the genotype and allele in both patients with AD and controls was estimated using fixed or random effect models. The summary of the OR and 95% CI were then analyzed to obtain the effects across the studies. Publication bias was examined using a funnel plot, Egger's test and Begg's test, and a Fail-safe Number (N fs ). A total of 20 reports were used. The summary OR for studies in the Caucasian population with a frequency of TT+TC/CC genotype and T/C allele at rs11136000 locus in CLU were 0.79 (95% CI, 0.73-0.86; P<0.00001) and 0.87 (95% CI, 0.85-0.90; P<0.00001). The summary OR for the studies conducted in the Asian population were 0.90 (95% CI, 0.81-0.99; P=0.04) and 0.87 (95% CI, 0.81-0.93; P<0.0001). The summary OR in other mixed ethnic groups with regards to the frequency of T/C allele was 0.82 (95% CI, 0.68-0.99; P=0.04). These results demonstrated the presence of a statistically significant difference in LOAD susceptibility between individuals with the T allele CLU rs11136000 polymorphism and those without. The studies conducted in populations of African descent or Hispanics showed no statistically significant difference. Negligible publication bias was present, with N fs being 750.604. In summary, polymorphism rs11136000 in the CLU gene may contribute to susceptibility to LOAD, and the presence of the T allele may reduce the risk of LOAD in Caucasian and Asian populations. However, no definitive association was found between the presence of the CLU rs11136000 polymorphism and LOAD in populations of African or Hispanic descent.
Introduction
Alzheimer's disease (AD) is a neurodegenerative disorder with progressive cognitive impairment. Molecular genetic studies have demonstrated the presence of complex genetic heterogeneity in AD (1) (2) (3) . Previous investigations reported that certain gene mutations are associated with familial early-onset AD, such as amyloid-β precursor protein, presenilin I and presenilin II (3) (4) (5) . In addition, it was demonstrated that there are likely numerous gene polymorphisms that are risk factors for late-onset AD (LOAD), but to date, only the apolipoprotein E (APOE) ε4 allele has been widely confirmed as a susceptibility gene for LOAD (1) . However, the APOE gene polymorphism may only contribute to 50% of genetic susceptibility (1) . This suggests there may be other genes that could influence susceptibility to the onset of LOAD. The investigation of other susceptibility genes would facilitate the research on LOAD pathogenesis.
In 1996, the clusterin (CLU) gene was suggested to be a potential AD susceptibility gene (2) . The CLU gene is located at p21-p12 of chromosome 8 (5) . The protein expressed by CLU is known as apolipoprotein J which is secreted by neurons and astrocytes, and being the second-largest glycoprotein in the brain following APOE, it has similar biological functions to APOE (5) . CLU is expressed in cerebrospinal fluid and amyloid plaques in brain tissues, is able to combine with β-amyloid peptide to participate in the processes of metabolism, transportation and clearance of amyloid-β (Aβ), and has an important role in the cell cycle regulation and lipid metabolism of AD (3) (4) (5) . A previous study reported that the CLU gene may be associated with AD (2) . Unfortunately, no gene locus identified in the earliest study regarding the correlation between CLU gene variants and AD (2) .
Association between clusterin gene polymorphism rs11136000 and late-onset Alzheimer's disease susceptibility:
A review and meta-analysis of case-control studies
With the advance of molecular genetic technology, it became possible to include significantly greater numbers of individuals in the disease-association studies, thereby allowing the identification of more potential disease susceptibility genes. In October 2009, 'Nature Genetics' simultaneously published two AD-associated large-scale genome-wide association studies (GWAS) completed by Lambert et al (6) and Harold et al (7) , which both confirmed that the CLU gene single nucleotide polymorphism (SNP) rs11136000 was associated with LOAD. Another meta-analysis of genome-wide detection also suggested that the p22-p21.1 of chromosome 8, namely the CLU chromosomal locus, was a LOAD-associated susceptibility region (8) . Since then, the association between AD and CLU variants has once again become the focus of numerous studies, in which various experiments were carried out in an attempt to demonstrated the correlation (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) . However, the results of these studies were not concordant.
The present investigation reviewed and conducted a meta-analysis of previously published case-control studies on the correlation between the CLU gene polymorphism rs11136000 and LOAD both in China and abroad. The increased sample size could improve the significance of the results, and subgroup analyses of various ethnicities could eliminate possible ethnic differences. The aim of the present study was to provide objective evidence-based results for the association between CLU gene polymorphisms and AD susceptibility.
Materials and methods

Subjects.
The previously published case-control studies regarding the association between CLU gene variants and LOAD in various ethnic groups were reviewed. The patients with LOAD in these studies were selected as study cases, and the CLU rs11136000 polymorphism as the locus of interest, which in the previous studies was demonstrated to be significant although controversial. The control groups in these studies were healthy participants of the same ethnicity as the cases studied. The genotype frequencies of TT, TC and CC, as well as the allele frequencies of T and C, in the case and control groups of these studies were obtained for meta-analysis. The control groups in this study were healthy participants with the same ethnicity as the cases studied.
Literature search. A systematic search was conducted using PubMed (www.ncbi.nlm.nih.gov/pubmed), EMbase (store. elsevier.com/embase), CBMdisc (www.cnki.com.cn), CMCC, Wanfang (www.wanfangdata.com.cn), and other databases in English or Chinese (the last search was updated on August 31, 2014), with 'Clusterin AND Alzheimer disease' as MeSH terms, and 'Clusterin AND Alzheimer' and 'rs11136000' as free terms. Through literature retrospection, the references of the retrieved studies were further reviewed to ensure that a comprehensive selection of the relevant studies was carried out. According to the abstracts provided by the databases, the original sources of the studies were located in order to obtain full texts and complete data.
Inclusion criteria and quality control. All the participanting authors evaluated the quality of the selected studies and reached a consensus regarding the appropriate inclusion criteria and quality control. Studies meeting the following criteria were included in the meta-analysis: 1) Case-control studies involving the polymorphism rs11136000; 2) LOAD cases diagnosed according to the internationally accepted standards, DSM-IV and NINCDS-ADRDA (27) , with the controls being local matched healthy individuals; 3) sample size was explicit, genotype and allele frequency data could be obtained, original data was provided directly or could be used to calculate the odds ratio (OR) and 95% confidence intervals (CI), and information was sufficient to compare the statistical differences between the groups; 4) experimental methods for detecting gene polymorphisms were scientific and rigorous; and 5) allele frequency met the Hardy-Weinberg equilibrium (HWE). The articles published with incomplete data were excluded from the meta-analysis. Among repeatedly reported studies, those with the most complete information were used. Heterogeneity test. A Q test was performed to examine the heterogeneity among the selected studies. RevMan software provided the P-value of the Q tests, with P<0.10 considered to indicate a statistically significant difference. Different effect models for meta-analysis were selected based on the results of the Q tests.
Selection of statistical models. If there was no statistically significant heterogeneity among the results of the studies, a Peto Mantel-Haenszel fixed-effect model was used to determine the overall OR. If there was statistically significant heterogeneity, a Dersimonian-Laird random-effect model was used. The RevMan software provided the overall OR and its 95% CI.
Test for overall effect. Forest plots were provided by the RevMan software, on which the Z and P-values were shown on the 'test for overall effect', with P<0.05 considered to indicate a statistically significant difference.
Bias analysis. Funnel plots were generated by the RevMan software for the preliminary analysis of publication bias. Using the Stata software, Egger's linear regression and Begg's rank correlation tests were performed to objectively evaluate publication bias and to verify the symmetry of the funnel plots, with P<0.10 considered to indicate a statistically significant difference. Lastly, the fail-safe number (N fs ) was calculated to further measure publication bias using the following formula: N fs0.05 = (ΣZ/1.64) 2 -k. The larger the N fs value, the smaller the bias.
Results
Characteristics of eligible studies. Following a literature review and further screening according to the inclusion criteria, 20 studies were included in the meta-analysis ( Fig. 1) (6, 7, (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) , all of which were published after 2009 in foreign biomedical journals, but not reported in Chinese journals. The study popula-tion of these investigations included Caucasian, Hispanic, and Asian populations, populations of African descent, as well as other ethnicities, of which 12 were from Europe or America, and 8 were from Asia. A total of 32,017 individuals with LOAD were included as cases, whose diagnoses were predominantly based on the clinical criteria, with only a minority diagnosed based on pathological evidence. A total of 43,956 individuals were included as controls, in which the allele distributions were in accordance with the HWE. The characteristics of the eligible studies are shown in Table I . The genotype and allele frequencies of the CLU gene polymorphism rs11136000 are shown in Table II .
Considering ethnic differences, subgroup meta-analyses were conducted according to five ethnicities (Caucasian, Asian, African descent, Hispanic and other/mixed ethnicities).
Using the (TT+TC)/CC genotype model (Fig. 2) , a significant heterogeneity was observed in the Caucasian population with P=0.0004, although no significant heterogeneity was observed in the Asian population with P=0.38. Using the T/C allele model ( Fig. 3) , statistically significant heterogeneity was not observed in the Caucasian population with P=0.57, nor in the Asian (P=0.47) or other/mixed ethnicity populations (P=0.27). No heterogeneity tests were required in the ethnic subgroups in which only one study was eligible.
Meta-analysis.
The random-effect model was used to test for the overall effect of the (TT+TC)/CC genotype model in the Caucasian population ( Fig. 2A) , in which a statistically significant difference was observed (overall OR, 0.79; 95% CI, 0.73-0.86; P<0.00001). The fixed-effect model was used in the Asian population for the (TT+TC)/CC genotype model ( Fig. 2B) , and a statistically significant difference was also observed (overall OR, 0.90; 95% CI, 0.81-0.99; P=0.04). The fixed-effect model was used in the Caucasian, Asian and other/mixed ethnicity populations for the T/C allele model (Fig. 3) , and statistically significant differences were observed for all ethnicities (Caucasian: Overall OR, 0.87; 95% CI, 0.85-0.90; P<0.00001; Asian: Overall OR, 0.87; 95% CI, 0.81-0.93; P<0.0001; other/mixed ethnicities: Overall OR, 0.82; 95% CI, 0.68-0.99; P=0.04). Statistically significant differences were not however observed in the populations of African descent (overall OR, 1.06; 95% CI, 0.88-1.28; P=0.54) or Hispanics (overall OR, 1.10; 95% CI, 0.93-1.30; P=0.27) for the T/C allele model (Fig. 3) .
Evaluation of publication bias. The RevMan funnel plot for the genotype model exhibited relative symmetry, whereas the allele model exhibited incomplete symmetry (Fig. 4) . Following Egger's linear regression analysis and Begg's rank correlation test, it was demonstrated that the studies on genotype had no statistically significant publication bias (bias factors, -0.156; P=0.658 of Egger's; P=0.584 of Begg's), whereas those on alleles did have some bias (bias factors, -16.716; P=0.002 of Egger's; P=0.009 of Begg's) (Table III and Fig. 5 ). N fs0.05 was equal to 750.604, which was large enough to warrant ignoring the publication bias.
Discussion
The CLU gene is located on p21-p12 of human chromosome 8, with CLU as its encoded product, which has various physiological functions, including participating in lipid metabolism (28) , oxidative stress reaction (29) , and cell cycle Table I . Characteristics of the studies included in the meta-analysis. Table I . Continued. Table II. Distribution of CLU rs11136000 genotypes and alleles among LOAD cases and controls in the included studies.
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Included studies Table I. regulation (30) . CLU is highly expressed in cerebrospinal fluid and amyloid plaques in brain tissues, and is involved in the pathogenesis of AD (4,5,31). Yerbury et al (32) demonstrated that the deposition of CLU in senile plaques and neurofibrillary tangles of AD. Howlett et al (33) further reported a correlation between CLU and senile plaque Aβ40 in the brain cortex of patients with AD. Martin-Rehrmann et al (34) demonstrated the presence of dysfunctional neurons with phosphorylated tau protein surrounding the senile plaques in 71% of CLU-positive patients with AD. Furthermore, they also showed that the tau and phosphorylated tau protein were significantly increased in the rat hippocampus, following the injection of a CLU-rich solution (34) . It was suggested that CLU may be involved in the formation of Aβ and dysfunctional neurons in the pathological state of AD (5). Wahrle et al (35) reported that CLU regulated the expression and metabolism of APOE in the brain. Indeed, the levels of cholesterol and APOE were decreased in the mouse following CLU gene knocked out. Aβ and clusterin combine together in normal cerebrospinal fluid, which suggested that CLU may be involved in the metabolism, transportation and clearance of Aβ in the brain (30).
Bell et al (36) demonstrated that the clearance of Aβ42 through the blood brain barrier was increased by 83% when it was combined with CLU. Thambisetty et al (37) demonstrated the important role of CLU in the pathogenesis of AD. They showed that CLU was associated with atrophy of the entorhinal cortex and rapid clinical progression of AD (37) . The higher the plasma concentration levels of CLU, the more significant the entorhinal cortex atrophy, and the more severe the cognitive impairment (37) . It was also demonstrated that increased plasma concentration levels of CLU was predictive of greater Aβ burden in the medial temporal lobe (31) . In view of the above results, it was hypothesized that gene mutations or specific environmental factors could induce changes in CLU gene expression or function, which have an important role in the pathogenesis of AD. Since October 2009, association studies between the CLU gene polymorphism and LOAD susceptibility have rapidly progressed worldwide, and have been conducted in numerous populations, including Caucasian, Asian, African descent, and Hispanic populations (6, 7, (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) . Notably, SNP rs11136000 in the CLU gene was demonstrated to be significantly associated with LOAD by two GWAS with large sample sizes and two stages, of which one was conducted by Lambert et al (6) (OR, 0.86; 95% CI, 0.81-0.90; P=7.5x10 -9 ) and the other by Harold et al (7) (OR, 0.86; 95% CI, 0.82-0.90; P=8.5x10 -10 ). The meta-analysis carried out by Jones et al (38) also supported the above conclusion (P=1.72 x 10 -15 ). From then on, numerous other studies obtained concordant or nonconcordant results (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) ). An issue is that many of the studies differ in their selection of ethnic genetic backgrounds and sample sizes, which leads to inconsistent or contrary conclusions regarding the association between gene polymorphism and diseases. The present study performed a meta-analysis to systematically review the published articles regarding the association between the CLU polymorphism rs11136000 and LOAD susceptibility, with increased sample size to improve and enhance test efficiency and ethnic subgroups to eliminate possible ethnic differences. This investigation aimed to provide objective results of evidence-based medicine for Table III . Results of Egger's linear regression analysis and Begg's rank correlation test for publication bias.
Egger's test
Begg's test the association between CLU gene polymorphisms and AD susceptibility. The results of the present study demonstrated a positive association between CLU gene polymorphisms and LOAD susceptibility, as expected.
In the present study, 20 studies of interest were included in a meta-analysis, covering 33 independent study populations from various regions, ethnicities and stages, all meeting the predetermined inclusion criteria. The results demonstrated that there were some differences in the association between rs11136000 and LOAD among the various ethnicities. Meta-analysis supported the following conclusions: 1) TT+TC genotypes and the T allele of rs11136000 in Caucasian populations are associated with LOAD, as for the overall-effect test P<0.01; 2) TT+TC genotypes and the T allele of rs11136000 in Asian populations is associated with LOAD, as for the overall-effect test both P<0.05; 3) the T allele of rs11136000 in the population of African descent and the Hispanic population was not associated with LOAD, as for the single tests P>0.05; and 4) the T allele of rs11136000 in the other/mixed ethnicity group was associated with LOAD, as for the overall-effect test P<0.05. To summarize, the meta-analysis demonstrated that TT+TC genotypes and (or) the T allele of rs11136000 in Caucasian, Asian, and other/mixed ethnicity populations were associated with LOAD (P<0.05), and the population carrying the T allele would likely suffer lower LOAD risk (OR<1). The results therefore demonstrated that the T allele of rs11136000 had a protective effect on LOAD. The results also demonstrated the impact of racial differences on association studies of gene polymorphisms and disease.
In addition to ethnic differences, sample size also had an important effect on the study results. In the present meta-analysis, there was only one study population of African descent or Hispanic population included (17) , with a relatively small sample size, which may not have provided accurate results. For instance, in the studies conducted in the Chinese Han population, Yu et al (25) , Chen et al (15) and Ma et al (20) did not report any statistical significance in the T allele distribution of rs11136000 (P=0.21, 0.22, 0.42, respectively). However, when sample size was enlarged through meta-analysis and the three studies were included, a weak association was revealed (P=0.048 in the overall effect test). The majority of the studies and those with the largest sample size were conducted in the Caucasian population in the current meta-analysis, and therefore the results obtained for the Caucasian population are 
A B
A B the most reliable. Further studies are required in other ethnic groups with larger sample sizes in order to improve the reliability of the study findings. It is not only rs11136000 but also other polymorphisms of the CLU gene may contribute to LOAD susceptibility. For instance, the study carried out by Yu et al (25) in the Chinese Han population did not find an association between rs11136000 and LOAD, although the results indicated instead an association between rs9331888 and LOAD, with OR=1.39 (95% CI, 1.13-1.72) and P=0.002. Other studies also demonstrated the association between polymorphisms of rs9331888 (6, 11, 25) , rs2279590 (6, 15, 21, 23) , rs7982 (7, 17) , rs7012010 (7, 17) , rs9331908 (12) , rs1532278 (12, 39) , and rs9331949 (40) and LOAD, although these studies were few and inconsistent in their results. The rs11136000 polymorphism systematically reviewed in the present meta-analysis is likely one of the factors that influences LOAD susceptibility. The precise forms of the genetic variants require further investigation. The meta-analysis only involved rs11136000, the most well-established CLU gene polymorphism, but was not representative of the entire CLU gene. The results of the meta-analysis supported that the CLU gene polymorphism was associated with LOAD susceptibility in Caucasian and Asian populations, but there was no such definitive association in populations of African descent or Hispanic populations.
In conclusion, although the studies included in the meta-analysis of the present investigation were less than those conducted on the APOE gene, all were published in authorized journals after 2009, which indicated that the research on the CLU gene polymorphism was novel and promising. It is likely that the CLU polymorphism will be the subject of numerous studies on the genetic susceptibility to AD in the future. Further investigations are required in various ethnic population. The present meta-analysis will be regularly updated in order to draw more scientific and reliable conclusions regarding the association between the CLU gene polymorphism and susceptibility to LOAD.
There are clinical significances and wider implications of the findings in the present study. For example, there may be a use in monitoring disease progression in the elderly at risk. Furthermore, understanding the influence of the LOAD risk variants on cognitive decline may provide additional information with regard to their plausible mechanism of action.
